The Intelligent Transportation System (ITS) is able to make the transportation system safer, smoother, and more sustainable. The research and practice of pre-trip traveler information (PTI), an indispensable component of ITS, is very limited in China. With data collected from Zhongshan Metropolitan Area, China, this empirical study revealed the socio-demographics of potential PTI users and feasible travel responses in daily trips under PTI. Young-and-middle-aged, influential, and motorized males were the most potential PTI users, while unemployed young females the least. Among the motorized potential users who habitually traveled by car, the high-income sub-group was least likely to shift travel modes under PTI. The younger white-collar or blue-collar had a lower propensity to shift to bicycle, but the younger blue-collar workers were more likely to shift to walking. The low income preferred to shift to bus rather than elevated light rail due to the difference of travel cost. The findings will facilitate our understanding of the market segments and effects of PTI, improve the system design and implementation strategy, and help address urban traffic and environmental issues throughout China.
Apart from identifying potential users for market segments, it is also necessary to understand the traveler behavioral consequences of using PTI in order to improve system design and implementation strategy of PTI [6] . Khattack et al. stated that automobile commuters' in the Bay Area are more likely to change their travel patterns in response to advanced traveler information related to travel time [17] . Polak and Jones initially revealed that in addition to uni-modal pre-trip travel information, regular car users in Birmingham and Athens responded actively to multi-modal pre-trip travel information [16] . Fujiwara et al. indicated that the informed level of travel service given by pre-trip information significantly affects the departure time choice [18] . Rossetti and Lui revealed that the overall performance of the pre-trip information was very likely affected by exogenous information, as ascribed to demand formation and network topology [19] . Shiftan et al. confirmed that pre-trip travel time information has an impact on route-choice behavior and underscored that when experience seeking increases, individuals tend to prefer a route characterized by lower average but greater variance of travel time [20] .
In recent years, the research on the potential users of ATIS and their travel responses to ATIS in the Chinese context has attracted increasing attention. Taking Dalian as a case city, Yang and Zhao found that income, travel cost, and having a driving license are strongly related to the use of ATIS among drivers [4] . They also revealed that age, the content of the information, and the use of a mobile phone or internet are significantly associated with the use of ATIS among public transit travelers [21] . An et al. studied commuters' travel behavior under PTI based on the combination of multi-agent and micro-simulation methods and revealed the effectiveness of the research method [22] . Based on a home-interview in the Taichung metropolitan area of Taiwan, Jou et al. underscored the important relationship between some personal and travel behavior characteristics and the propensity of travelers to switch departure time, route, or mode [23] . However, the research in China mainly focused on en-route traveler information and rarely discussed PTI. The majority of PTI-related studies were predominantly conducted in the western context and their findings are not necessarily translatable to the Chinese context.
The present paper added an extension to existing literature on the PTI-related research in the Chinese context. With data collected in Zhongshan Metropolitan Area, China in 2009, this empirical study revealed the socio-demographics of potential PTI users. Then, we chose the motorized potential users who habitually travel by car and investigated their general travel responses to PTI. Finally, focusing on the motorized potential users who were prone to change travel modes under PTI, we explored how the socio-demographics related to the mode shift in three hypothetical scenes with cluster analysis. The findings will facilitate our understanding on the market segments and feasible effects of PTI in the Chinese context, as well as improve the system design and implementation strategy. The findings will also shed light on how to enhance the effectiveness of PTI on switching motorized vehicle use to more sustainable modes, and help address the urban traffic and environmental issues in China.
Data and Methods

Study Area
We chose the Zhongshan Metropolitan Area as our study area to examine the socio-demographics of potential PTI users and feasible travel responses under PTI in China's medium-sized coastal cities with developed economies. Zhongshan is located in Guangdong Province of southern China, and is one of the three largest and most developed coastal urban agglomerations in China (Figure 1 ), Zhongshan is a medium-sized prefecture-level city with an area of 1800 km 2 and a population of 3.1 million [24] . The level of urbanization, income per capita, private car ownership per household and motorcycle ownership per household in Zhongshan (up to 2012) were 1.7-, 1.8-, 1.8-, and 2.8-times China's average, respectively [24, 25] . As of the time of research data collection in 2009, the modal split of car and motorcycle in Zhongshan were 9.2% and 43.4%, respectively [26, 27] , covering more than half of daily trips. In China's three largest coastal urban agglomerations, the Yangtze River Delta urban agglomerations, the Pearl River Delta urban agglomerations and the Jing-Jin-Ji urban agglomerations, there are nearly 20 medium-sized cities with similar levels of economic development, urbanization and motorization as Zhongshan. Generally, Zhongshan is representative of a medium-sized coastal city with its strong economy and high level of urbanization and motorization. In recent years, the rapidly increased vehicle use in cities like Zhongshan has led to severe urban traffic and environmental problems. However, little PTI was provided to Zhongshan's travelers in their daily trips. To investigate the feasible effects of PTI on growing vehicle use, it is imperative to conduct PTI-related studies in China. 
Data Collection
The data employed in this study was collected by a Traveler Information Attitude Survey (TIAS) and a Household Travel Survey (HTS) in Zhongshan on December, 2009. The HTS provided socio-demographics and a one-day travel diary of the participants, with a sample size of 25325 households (85625 participants) selected by stratified random sampling [28, 29] . The TIAS was conducted in the form of a three-stage home-interview simultaneously with the HTS.
• In Stage 1, we explained to the participants what PTI was and asked if they were prone to use it if available. The participants who were willing to use PTI were defined as potential users and selected as the TIAS participants. The sample size of TIAS was 21,602 participants.
• In Stage 2, the motorized potential users (2229 participants) who habitually travel by car were selected. We then invited them to respond to the hypothetical PTI as shown in Table 1 . We chose the motorized potential users because their possible mode shift under PTI would contribute to the reduction of auto use and help optimize the travel mode split.
• In Stage 3, 622 participants who chose to "Change modes" in Stage 2 were selected to further respond to three different hypothetical scenes with more detailed context. In this stage, the participants were assumed to take three daily trips that required high travel time reliability. The three trips were different in terms of trip length (short, medium, and long). Before the trips, they would receive the same PTI as in Stage 2 and additional information about alternative modes differentiated from travel time and cost (Table 1) . They may choose alternative modes or stick to driving a car. The travel time and cost in Stage 3 was abstracted from the HTS.
Cluster Analysis
We performed a cluster analysis of the participants in Stage 3 to examine if the socio-demographics have any underlying association with their modal shift under the PTI. Cluster analysis is able to assign observations into clusters so that observations in the same cluster are similar within a set of predetermined dimensions [30] . In this study, a K-means cluster analysis was performed. K-means cluster analysis aims to partition observations into clusters in which each observation belongs to the cluster with the nearest mean. The number of clusters was determined iteratively and heuristically based on the number and size of clusters [31] . Too few or too many clusters may not be adequate and having too few observations in a cluster is often viewed as poor clustering. We concluded five variables of participants' socio-demographics as listed in Table 2 . The elevated light rail of Zhongshan was under construction during the survey and was completed at the end of 2010. The average distance between each station is about 3-4 km, making the mode an option for medium and long distance travel. Including this mode in the survey will facilitate the understanding of car commuters' propensity to shift to elevated light rail under PTI in the future. Table 2 . Variables used in cluster analysis.
Variable Definition
Age ( 
Results
Stage 1: Socio-Demographics of Potential Users of PTI
As the participants in Stage 1 were self-reported to be highly interested in PTI, even if they may not necessarily be the actual users in the future, they could very likely reflect the characteristics of potential users. A better understanding of the potential users will help to capture the socio-demographics of the most likely users and figure out the market segments. A comparative analysis of the sex, age, occupation, monthly income and habitual travel mode of the potential users and general population was carried out ( Table 3 ). The data in the fourth columns of Table 3 shed light on how potential users resembled, or differed from, the general population in Zhongshan. 
Stage 2: Motorized Potential Users' Feasible Travel Responses to PTI
In Stage 2, 94.35% of 2209 motorized potential users would change travel behavior as responses to the hypothetical PTI provided to them in the survey, indicating the significant potential of PTI. Changing travel route or modes account for 42.46% and 27.66%, respectively (Figure 2 ), highlighting the necessity to provide relevant traveler information on route guide and alternative travel modes. In Stage 3, about 89% of 622 participants would shift to alternative travel modes in a short, medium or long distance commute. In a short distance commute, walking and motorcycle (moped) were the two major alternatives, covering 36.33% and 31.03%, respectively (Table 4) . In a medium distance commute, 44.21% of the participants preferred motorcycle (moped) as an alternative (Table 4) . In a long distance commute, the most feasible alternative was elevated light rail, covering nearly half of the modal shift (Table 4) . Generally, the participants were less likely to shift to motorcycle (moped) in short and long distance commutes than in medium ones. The results suggested that non-motorcycle modes could potentially become automobile commuters' prior choices to shift modes under PTI. (Table 5) . Clusters A and B were both groups with high income and travel cost. Cluster A was generally younger and working less than 40 hours per week. On the contrary, Cluster B was middle-aged with more than 50 work hours per week. Different working hours were related to flexible or fixed work schedules and may impose different stress on commuting time reliability, which would lead to different responses under PTI. Thus, we named Cluster A the "high-income and short work hours" group and Cluster B the "high-income and long work hours" group. Clusters C and D were similar, being young and having middle income and average work hours. However, the major occupations of Cluster C were enterprises, institutions or government departments, whereas Cluster D occupations were manufacturing, construction, farming or others. Therefore, we labeled Cluster C the "young white-collar" group and Cluster D the "young blue-collar" group. Cluster E was the smallest group among the five and featured with low income and middle travel cost. We characterized Cluster E as the "low-income" group. In short distance commute, the high-income, hard-working appeared to be more private motorized as they had the highest propensity to shift to motorcycle (moped) and the lowest to walking (Figure 2) . The young white-collar was loyal to automobiles as they demonstrated the lowest propensity to shift modes. The young blue-collar preferred walking, as their choice rate of walking was 1.7 times the average. The low-income group favored bicycle or bus over other modes. The modal shifts of the high-income, easy-working were generally close to the average (Figure 3) .
Figure 3.
Modal shifts across five clusters in scene 1 (short distance).
• Scene 2: Medium Distance Commute
In medium distance commute, the high-income easy-working showed the highest propensity to choose elevated light rail while the lowest to bus (Figure 4) . The low-income showed just the opposite with the highest propensity (3.5 times the average) to shift to bus and lowest (0.25 times the average) to elevated light rail. The young white-collar favored bicycle most, as the propensity was two times the average. The young blue-collar, contrary to their white-collar counterparts, had the least propensity (0.2 times the average) to shift to bicycle. The propensity of the high-income hard-working to shift to each mode was close to the average. 
• Scene 3: Long Distance Commute
In long distance commute, the young white-collar showed the lowest propensity to shift to bicycle ( Figure 5 ). The young blue-collar preferred elevated light rail most (1.3 times the average) and bus or motorcycle (moped) least. The modal shift of the low-income was similar to that of medium distance commute, as the propensity to shift to bus was the highest (three times the average) and to elevated light rail was the lowest (0.5 times the average). The modal shift propensity of the high-income easy-working and the high-income hard-working was close to the average. 
Discussion and Policy Implications
Identification of Potential Users' Socio-Demographics
The results of Stage 1 indicated the characteristics of potential users' socio-demographics from five aspects: sex, age, occupation, monthly income, and habitual travel mode. The result showed that young-to-middle-aged (25-59) and middle-to-high income males that habitually traveled by motorized modes had the highest propensity to utilize PTI. On the contrary, unemployed young (<20) females were the least potential users.
• Sex: Males covered 76.45% of potential users, a great increase from the general population.
Male users are more "wired" and technologically savvy, having higher than average Internet and mobile communications use. Therefore, males can be expected to perceive less difficulty in using PTI. It indicates that male consist of a crucial market segment of PTI in Zhongshan, consistent with findings in previous literature [3] .
• Age: The young-and-middle-aged group (age from 25 to 59) was most interested in PTI, whereas the younger group (age less than 25) was just the opposite. The age group of major potential users in Zhongshan is similar to those of actual users in Los Angeles (64%) and Seattle (54%) [8] .
• Occupation: All working groups' propensity to utilize PTI is high, while non-working groups, such as students, retirees and the unemployed show less interest. Working groups tend to be the so-called "control seeker" segment in commute trips, who are drawn to PTI due to the desire of greater than average control over their daily trips and better knowledge of their travel times, especially in congested travel environments [13] . The possible benefit of reducing travel time and enhancing travel time reliability brought by PTI reinforces the control ability, which attracts working group as potential users.
• Monthly Income: The propensity to utilize PTI grew simultaneously with the growth of income.
The threshold is 1200 RMB, which is also the threshold of middle income in Zhongshan. According to a study also in Guangdong Province, China, travelers with middle-to-high income have higher value of travel time than low income counterparts, especially in commute trips [32] . Therefore, the middle-and-high income groups are very likely to treasure more the value of commute time, which can be enhanced by using PTI. This is in compliance with previous research findings that upper income travelers are more likely than others to use travel information [8] .
• Habitual Travel Mode: In Zhongshan, private motorized (motorcycle and automobile) commuters are more interested in PTI than non-motorized ones. In recent years, they suffered from worsening traffic congestions more often, which were related to longer commuting time and lower commuting time reliability [26] . Therefore, private motorized commuters will be more likely to benefit from PTI than non-motorized ones.
Modal Shift Characteristics by Different Clusters under PTI
Based on the analysis of modal shift characteristics of five clusters, we could preliminarily conclude that the modal shift under the PTI was associated with the socio-demographics of the participants. Among the motorized potential users, the high-income and short working hours sub-group was least likely to shift modes. The high-income and long working hours sub-group was least likely to shift to walking. The younger white-or-blue-collar sub-groups had least propensity to shift to bicycle but the younger blue-collar sub-group had a high propensity to shift to walking. The low-income sub-group preferred bus rather than elevated light rail due to the difference of travel cost between the two modes.
Cluster A: The High-Income and Short Working Hours
This cluster was majorly middle-aged and only attracted to bicycle or elevated light rail in short or medium distance. Otherwise, they would still favor automobile over other alternative modes. This cluster is most possibly a group with relatively high social standing and standard of living. This group has a higher than average level of car ownership [26] and driving a private car is one of the symbols of their social standing. The survey data from HTS indicated that they had a high modal split of motorized modes in commute trips. Moreover, they had short work hours, which were possibly related to flexible work schedules. That may impose less stress on commuting time reliability than the group with average-to-long work hours. Therefore, the PTI mentioned in the survey would not have significant effect on their modal shift.
Cluster B: The High-Income and Long Working Hours
The high-income and long working hours cluster, who were majorly middle-aged with high travel cost, were least likely to shift to walking in both three commutes. The long work hours of the group would very possible to impose more pressure on commuting time reliability than other groups. The high travel cost of this cluster indicated that (1) they were willing to pay more to guarantee the commuting time reliability; or (2) they had longer commuting distance. A shift to walking will make them spend more time on commuting, which may explains cluster B's least propensity to shift to walking. Another possible reason was that after long working hours, they had less strength to commute home by walking.
Cluster C: The Young White-Collar
The cluster of young white-collar had middle income, travel cost and average work hours. They had low propensity to shift to bicycle or elevated light rail. According to a recent study, the willingness to use bicycle is an important factor for young people to own bicycles and ride a bicycle for daily commute [33] . However, the HTS survey of Zhongshan indicated that young people's willingness to use bicycle is low [26] . That may explain why young white-collar have low propensity to shift to bicycle. The reason for the low propensity to shift to elevated light rail remains unclear and requires further study.
Cluster D: The Young Blue-Collar
The cluster of young blue-collar had middle income, average working hours and high travel cost. They were most likely to shift to walking and unlike to shift to bicycle or bus. The high propensity to shift to walking may reflect the physical advantage of the young blue-collar. Meanwhile, the low propensity to shift to bicycle was very likely out of the same reason as the young white-collar.
Cluster E: The Low-Income
The cluster of low-income, which had low income and middle travel cost, were most likely to shift to bicycle or bus and least likely to shift to elevated light rail. The travel cost of the alternative modes may be an important factor when they considered modal shift. Bicycle and bus cost less compared to the elevated light rail, making them the ideal choices for the group. Therefore, providing traveler information on bus service will be helpful to reinforce their modal shift to bus.
Policy Implications
To promote the market penetration of pre-trip traveler information among Chinese travelers, it would be necessary to have a clear understanding on the market segments. To enhance the effectiveness of pre-trip traveler information on switch motorized modes to more sustainable modes, it would be a great challenge to improve the system design and implementation strategy of pre-trip traveler information. From the discussions above, we could find out that travelers' socio-demographics were significantly related to their usage of PTI and possible responses to PTI in commuting trips. The findings in the paper provide insights into four recommendations as below.
• Choosing young-to-middle-aged (25-59) and middle-to-high income male that habitually traveled by motorized modes as the target groups for the market promotion of PTI.
• Providing traveler information related to route guide and availability of alternative travel modes to general PTI users under congestions or emergencies to facilitate their change of travel route or modes.
• Providing specific traveler information to different clusters of motorized potential users according to their different responses to PTI, so as to further encourage their compliance to the information and promote them to shift to sustainable modes.
Strengths and Limitations
This study has a number of strengths and limitations. In terms of the strengths, firstly, the study focused on pre-trip traveler information, which is proven to be more effective than en-route traveler information to change travel mode. Secondly, the study examined the potential users of PTI and their feasible responses to PTI in daily commutes in a developing country with rapid urbanization and motorization, which might further promote the comparative research between different contexts. In terms of the limitations, firstly, the survey data were based on self reports, and therefore, may be subject to self report bias. Secondly, the data and analysis presented in this paper were collected on Zhongshan, China; thus their application is limited to similar cities in China.
Conclusions
Pre-trip traveler information provides travelers with various travel information and support them to make better decisions on travel behavior. The current research and implementation of PTI in China is still very limited. Taking Zhongshan Metropolitan Area as a case, this study filled an important gap to facilitate our understanding on the socio-demographics of potential PTI users and how they will possibly respond to PTI in the Chinese context.
The result showed that young-to-middle-aged (25-59) and middle-to-high income males that habitually traveled by motorized modes had the highest propensity to utilize PTI. On the contrary, unemployed young (<20) females were the least potential users. The results also suggested that sociodemographics, like age, income, and work hours, were associated with motorized potential user' modal shift characteristics under the PTI. Among the motorized potential users, the high-income and short working hours sub-group was lease likely to shift modes. The high-income and long working hours sub-group was least likely to shift to walking. The younger white-collar or blue-collar sub-groups had least propensity to shift to bicycle but the younger blue-collar sub-group had a high propensity to shift to walking. The low-income sub-group preferred bus rather than elevated light rail, due to the difference of travel cost between the two modes.
The findings will facilitate our understanding on the market segments and possible effects of PTI in the Chinese context, as well as improve the system design and implementation strategy. The findings will also shed light on how to enhance the effectiveness of PTI on switching motorized vehicle use to more sustainable modes and help address the urban traffic and environmental issues in China.
